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In  t h e  l a s t  decade major e f f o r t s  have been made t o  ensu re  t h e  enerqy s e l f -  
s u f f i c i e n c y  of t h i s  country.  Included i n  t h a t  e f f o r t  has  been t h e  development 
and ref inement  of coal conversion t echno log ie s  as a means of pe rmi t t i ng  inc reased  
u K i e  of coa l  r e sources  without  a t t e n d a n t  i n c r e a s e s  i n  p o l l u t i o n .  Processes  of 
c o a l  l i q u e f a c t i o n  and q a s i f i c a t i o n  a r e  no t ,  however, f r e e  from hazard r i s k .  
Solvent  r e f i n e d  c o a l  m a t e r i a l s  SRCI and SRCII, f r a c t i o n s  from Rergius  and F i she r -  
Tropsch ope ra t ions ,  and H-coal p rocess  products  have been shown to produce adverse 
b i o l o g i c a l  e f f e c t s ,  such as tumors i n  experimental  animals  or mutat ions i n  va r ious  
t e s t  system (e .9 .  1-3, 7-10). A n a l y t i c a l  d a t a  i n d i c a t e  t h a t  p o l y c y c l i c  aromatic  
hydrocarbons (PAH), he- terocycl ic  compounds, aromatic  amines and o t h e r  m a t e r i a l s  
with carcinogenic  p o t e n t i a l  a r e  l i k e l y  t o  be produced by l i q u e f a c t i o n  p rocesses  
( 1 ,  3-6, 1 6 ) .  Coal conversion m a t e r i a l s  a r e  h i g h l y  complex and i l l - d e f i n e d  
mixtures .  Coal l i q u i d s ,  f o r  example, have a more complex composition than  do 
crude petroleums of a similar b o i l i n g  range.  Mutagenic or ca rc inogen ic  components 
may, i n  f a c t ,  c o n s t i t u t e  a ve ry  minor percentage of t h e  mass of t h e s e  m a t e r i a l s .  

For t h e s e ,  a s  f o r  o t h e r  mixtures  of b i o l o g i c a l l y  a c t i v e  m a t e r i a l s ,  t h e  
ques t ion  has been r a i s e d  whether t h e  i n d i v i d u a l  a c t i v i t i e s  of c o n s t i t u e n t s  a r e  
a d d i t i v e  or i f  t h e r e  a r e  i n t e r a c t i v e  e f f e c t s  c o n t r i b u t i n g  t o  t h e  o v e r a l l  b i o l o q i c a l  
a c t i v i t y  observed f o r  t h e  mixture .  There a r e  a few examples of non-addi t ive bio-  
l o g i c a l  responses  i n  the  l i t e r a t u r e .  I t  i s  known, f o r  i n s t a n c e ,  t h a t  mix tu res  of 
PAH and aromatic  amines showed g r e a t e r  than a d d i t i v e  e f f e c t s  when assayed f o r  
mutagenici ty  of Salmonella typhimurium ( 1 1 ) .  Likewise,  a mixture  of benzo ta l -  
pyrene (BaP)  d ihydrod io l s  was more d i r e c t l y  mutagenic than  would be expected 
based on t he  mutagenic a c t i v i t i e s  o f  t h e  ind iv idua l  d i o l s .  When r a t  l i v e r  homo- 
gena te s  (SS) were added t o  a s say  system, t h e  r eve r se  w a s  t r u e  ( 1 2 ) .  Our l a b o r a t o r y  
has  a l s o  observed t h a t  f r a c t i o n s  of coal-der ived m a t e r i a l s  e x h i b i t e d  non-addi t ive 
mutagenic responses  i n  Salmonella typhimurium ( 1 4 ) .  Cur ren t  r e sea rch  has  been 
d i r e c t e d  toward an  examination of s y n e r g i s t i c  or a n t a g o n i s t i c  b i o l o g i c a l  a c t i v i -  
t i e s  of c o a l  conversion mixture  components. 

MATERIALS AND METHODS 

Samples and P r e p a r a t i o n  - 
Samples were supp l i ed  through U.S. DOE PETC by R.A. Winschel of t h e  Coal 

Research Div i s ion  o f  Conoco. A l l  m a t e r i a l s  w e r e  c o l l e c t e d  on a d a i l y  b a s i s ,  
combined and d i s t i l l e d  by Conoco. Sample PDU-9 i s  a hydroclone overflow m a t e r i a l  
from an H-coal p rocess  design u n i t .  Lummus Feed and Lummus Product a r e  t h e  
second s t a g e  f eed  and product ,  r e s p e c t i v e l y  from run 3LCF9 of a Lummus I n t e g r a t e d  
TWO Stage L ique fac t ion  process .  Samples were s t o r e d  i n  t h e  da rk  a t  5OC. They 
Were prepared f o r  a s say  by weighing 100-500 mg and adding d ime thy l su l fox ide  
(ONSO) so as t o  o b t a i n  a presumptive concen t r a t ion  of 10 or 20 mg/ml. Sample 
s o l u t i o n s  were f i l t e r  s t e r i l i z e d  and app l i ed  a s  0.1 m l  al iquots f o r  r e v e r s e  
mutation a s says  and as 1 u l  a l i q u o t s  f o r  forward mutat ion a s says .  Tared v e s s e l s  
containing undissolved m a t e r i a l s  were d r i e d  and weighed, and t h i s  f i g u r e  used i n  
c a l c u l a t i o n  of t h e  t r u e  concen t r a t ion  of t h e  test s o l u t i o n s .  
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Preparat ion of- 

Approximately 59 of each sample was weiqhed and a volume of s o l v e n t  equal  t o  
Sx of t h e  weight  w a s  added i n  capped tubes.  This  mix tu re  was a g i t a t e d  vigorously 
i n  the  da rk  a t  room temperature  f o r  2 h r s .  A f t e r  c e n t r i f u g a t i o n  t o  s e t t l e  
p a r t i c u l a t e s ,  t h e  s o l v e n t  w a s  removed and a n  equal amount of f r e s h  s o l v e n t  was 
added. The mixture  was a g i t a t e d  for ano the r  2 hours followed again by cen t r i fuga -  
t i o n .  The two s o l v e n t s  with e x t r a c t e d  ma te r i a l  were pooled and evaporated under 
N2. This  procedure w a s  c a r r i e d  o u t  s e q u e n t i a l l y  wi th  hexane, t o luene ,  methylene 
ch lo r ide ,  and a c e t o n i t r i l e .  There w a s  g e n e r a l l y  a q u a n t i t y  o f  unextracted mater- 
i a l  remaininq, which is  r e f e r r e d  t o  i n  t h e  t e x t  and t a b l e s  a s  t h e  r e s idue  f r a c t i o n .  
The DMSO s o l u b l e  p o r t i o n  of t h i s  m a t e r i a l  and a l l  t h e  d r i e d  e x t r a c t s  were prepared 
f o r  a s say  i n  t h e  same manner as t h e  whole sample. 

P y e p a r a t i o n o f  "Reconstructed Whole" Samples 
- 

"Reconstructed whole" mix tu res  were prepared by adding ind iv idua l  f r a c t i o n s  
i n  t h e  same p r o p o r t i o n s  i n  which they  were ex t r ac t ed .  For example, PDU-9 f r a c t i o n  
I11 r econs t ruc t ion  c o n s i s t e d  of 1.71% hexane f r a c t i o n ,  42.76% to luene  f r a c t i o n ,  
etc. Mate r i a l s  w e r e  d i s so lved  i n  t h e  o r i g i n a l  e x t r a c t i n g  s o l v e n t s  or weighed o u t ,  
combined, and t h e  s o l v e n t s  evaporated under N2. The r e c o n s t r u c t i o n s  were assayed 
as DMSO s o l u t i o n s  on t h e  same occas ion  a s  were a l i q u o t s  o f  t h e  un f rac t iona ted  
sample and t h e  i n d i v i d u a l  f r a c t i o n s .  

-- Mutagenicity Assays i n  Salmonel la  Typhimurium 

Liver  homogenates (S9) f o r  mammalian metabolism were prepared from male 
Sprague-Dawley r a t s  which had been i n j e c t e d  i .p .  with SO0 mg/kg Aroclor 1254 
and k i l l e d  f i v e  d a y s  t h e r e a f t e r .  L ive r s  were homogenized i n  3 volumes co ld  
b u f f e r  (0.15 H K C 1 ,  0.05M T r i s  H C 1 ) .  The supe rna tan t  f r a c t i o n  from 20 min. 
c e n t r i f u g a t i o n  a t  90009 was dispensed i n t o  0.5 m l  a l i q u o t s  and s t o r e d  a t  -7OT 
u n t i l  use. 

Reverse muta t ion  p l a t e  i n c o r p o r a t i o n  a s says  u s i n g  Salmonella .t_yphimurium 
s t r a i n s  TA97 and TA98 were done according t o  pub l i shed  procedures  ( 9 ) .  A l l  
a s says  inc luded  use of 50 ul S9/p la t e  p l u s  a p p r o p r i a t e  b u f f e r s  and co fac to r s .  

S t r a i n  TM677 w a s  used i n  forward mutat ion assays wherein r e s i s t a n c e  to 8-aza- 
guanine t o x i c i t y  w a s  measured as t h e  endpoint  (15 ) .  F re sh  c u l t u r e s  (from f rozen  
a l i q u o t s )  of approximately 3x1 O7 orqanisms w e r e  used i n  microvolume suspension 
a s says ,  t o t a l  volume 100 u l .  The t e s t  m a t e r i a l  was added as 1 u l  a l i q u o t s  and S9 
comprised 1 %  of t h e  t o t a l  a s s a y  volume. Duplicate  a s s a y  tubes pe r  experimental  
p o i n t  were i n c u b a t e d  f o r  2 h r  a t  37OC i n  a gy ro to ry  bath. A t  t h e  end of t h e  
incuba t ion  p e r i o d  c e l l s  w e r e  d i l u t e d  l j 5  wi th  phosphate b u f f e r e d  s a l i n e  and 145 ul 
p l a t e d  i n  t r i p l i c a t e  f o r  s e l e c t i o n  of mutant organisms. A n  a l i q u o t  was f u r t h e r  
d i l u t e d  a n d  p l a t e d  i n  t h e  absence of s e l e c t i o n  for de te rmina t ion  of b a c t e r i a l  
s u r v i v a l .  Numbers o f  r e v e r t a n t s / l 0 5  su rv iv ing  c e l l s  were c a l c u l a t e d  from the  6 
mutagenici ty  and 6 t o x i c i t y  p l a t e  counts  per experimental  po in t .  A p o s i t i v e  
response i n  t h i s  a s s a y  i s  one i n  which the  number of mutants/105 su rv ivo r s  i s  
greater than  t h e  uppe r  99% confidence l i m i t  on both day  of a s say  and mean h i s t o r i -  
c a l  spontaneous c o n t r o l s .  

Resu l t s  and Di scuss ion  -- 
Sample PDU-9 is a vacuum s t i l l  bottom mate r i a l  from an  H-coal process  design 

Un i t  u s ing  Kentucky 11 c o a l  and run i n  t h e  syncrude mode. The Lummus process  
which provided t h e  Feed and Product  samples c o n s i s t e d  o f  a s h o r t  con tac t  
t ime l i q u e f a c t i o n .  fol lowed by a n t i s o l v e n t  deashing and subsequent  upgrading of  



I 

t h e  deashed coa l  l i q u i d s  i n  a Lummus-Cities Se rv ice  LC f i n i n g  u n i t .  The Lummus 
Feed 1s t h e  LC-Finer feed s tock ,  and Lummus Product  t h e  r ecyc le  o i l  produced by 
t h i s  u n i t .  

A l l  m a t e r i a l s  were assayed f o r  mutagenici ty  a s  DMSO s o l u t i o n s .  A l l  Yere 
mutagenic i n  both r eve r se  mutat ion a s says  t o  h i s t i d i n e  prototrophy (Aloes t e s t )  
and i n  a forward mutat ion a s say  us ing  s e l e c t i o n  of 8-azaguanine r e s i s t a n t  c lones .  
Note t h a t  t h e  l a t t e r  t e s t  i n c o r p o r a t e s  a 2-hour pe r iod  wherein t h e  Salmonella 
and test items a r e  incubated i n  l i q u i d  suspension.  For a l l  a s says  mutagenici ty  
w a s  d e t e c t a b l e  o n l y  when r a t  l i v e r  homoqenates (S9)  were included t o  provide 
mammalian enzymes f o r  metabolism of t h e  m a t e r i a l s  t o  r e a c t i v e  forms. 

- Of t h e  t h r e e  samples,  PDU-9 was most mutagenic,  and is, i n  f a c t  t h e  most 
!nUtagenic f u e l  m a t e r i a l  assayed i n  our l abo ra to ry .  Th i s  sample,  and a l l  o t h e r s ,  
w a s  d i l u t e d  and assayed a t  5 concen t r a t ions .  The a s say  was repeated on t h i s  
set of s o l u t i o n s  and then a f r e s h  s e t  of sample s o l u t i o n s  was prepared and t e s t e d  
on t w o  occasions.  A s  t h e s e  c o a l  m a t e r i a l s  a r e  heterogenous i n  composition, t h e r e  
a r e  v a r i a t i o n s  bo th  i n  t h e  amount of m a t e r i a l  s o l u b l e  i n  DMSO and i n  t h e  mutageni- 
c i t y  observed. Data from assay  of PDU-9 graphed i n  F igu re  1 ,  i l l u s t r a t e  t h e  
v a r i a t i o n  i n  mutagenic response.  I t  is a l s o  c l e a r  from t h i s  f i g u r e  t h a t ,  a t  low 
sample concen t r a t ions ,  t h e r e  i s  a l i n e a r  sample-dose/mutagenic response r e l a t i o n -  
sh ip .  I t  i s  p o s s i b l e ,  t h e r e f o r e ,  t o  o b t a i n  an  e s t i m a t e  of t h e  mutagenic response 
per u n i t  sample by applying r e g r e s s i o n  a n a l y s i s  t o  those  p o i n t s  and ob ta in ing  t h e  
s l o p e  of t h e  r e g r e s s i o n  l i n e .  For t h e  PDU-9 d a t a  graphed i n  F igu re  1 ,  one o h t a i n s  
an  e s t ima te  of 5 0 . 6  TA98 co lon ie s /uq  sample and 48.1 TA97 colonies/ug.  Hutageni- 
c i t y  observed f o r  Lummus Feed w a s  13.4 TA97 and 4.2 TA98 Colonies/ug and f o r  
Lummus Product 17.9 TA97 and 11.7 TA98 colonies/ug.  S t r a i n  TA98 i s  known t o  
respond to  a v a r i e t y  of compounds which cause f r amesh i f t  mutat ions,  i nc lud ing  PAH 
and aromatic  amines.  S t r a i n  TA97 a l s o  i s  r e v e r t e d  by f r a m e s h i f t  mutagens b u t  i s  
p a r t i c u l a r l y  s e n s i t i v e  to a c r i d i n e  compounds and probably t o  o t h e r  h e t e r o c y c l i c s  
as we l l  ( 8 ) .  The d i f f e r e n c e  i n  response by t h e  two s t r a i n s  of t h e  Lummus vs  t h e  
H-coal (PDU-9) samples is sugges t ive  of v a r i a t i o n s  i n  t h e i r  composition. I t  i s  
expected t h a t  t h e  Lummus m a t e r i a l s  w i l l  be shown t o  he composed of a g r e a t e r  
percentage a c r i d i n e s  and r e l a t e d  compounds than the H-coal sample. 

The forward mutat ion assay presumably d e t e c t s  a l l  t ypes  of mutagenic e v e n t s ,  
i nc lud ing  d e l e t i o n s  and t r a n s l o c a t i o n s ,  t h a t  a r e  compatible  with b a c t e r i a l  
v i a b i l i t y .  The use  of a suspension incuba t ion  g ives  t h e  added advantage of 
p rov id ing  a r e l e v a n t  q u a n t i t a t i o n  of test i t e m  t o x i c i t y .  None of t h e  t e s t  mater- 
i a l s  when assayed wi th  S9 were t o x i c  t o  t h e  Salmonella;  t h a t  i s ,  caused a r educ t ion  
o f  more than 40% v i a b i l i t y .  A l l  t h r e e  proved t o  g i v e  p o s i t i v e  r e s u l t s ,  a s  measured 
by inc reases  i n  numbers of mutants/105 su rv ivo r  g r e a t e r  than t h e  upper 99% c o n f i -  
dence l i m i t  on both day-of-assay and mean h i s t o r i c a l  spontaneous c o n t r o l s .  
Furthermore,  t he  magnitude of t h e  mutagenici ty  response was seen  to inc rease  i n  a 
l i n e a r  f a sh ion  wi th  sample concen t r a t ion ,  a l lowinq t h e  same s o r t  of e s t i m a t i o n  a s  
f o r  t h e  r eve r se  a s s a y  d a t a .  Sample PDU-9 w a s  a l s o  t h e  most mutagenic sample a s  
measured i n  t h e  forward mutat ion a s say ,  w i th  2.94 mutants/105 survivors/ug compar- 
ed t o  Lummus Feed (0.11 mutants/105 su rv ivo r s /uq )  and Lummus Product (0.45 
mutants/105 su rv ivo r s /ug )  . 

AS a f i r s t  s t e p  i n  t h e  a n a l y s i s  of t h e s e  f u e l  m a t e r i a l s ,  a simple f r a c t i o n a -  
t i o n  process  was undertaken. Sequen t i a l  o rgan ic  s o l v e n t  e x t r a c t s  were prepared 
u s i n g  so lven t s  of i n c r e a s i n g  p o l a r i t y ;  namely, hexane, t o luene ,  methylene ch lo r -  
i d e ,  and a c e t o n i t r i l e .  The DMSO-soluble p o r t i o n  of t h e  non-extractable  ma te r i a l  
( r e s i d u e )  l e f t  a t  t h e  end o f  tho process ,  and a l l  f r a c t i o n s  were assayed f o r  
mutagenici ty  i n  forward and r e v e r s e  a s says  as desc r ibed  f o r  t h e  uncut samples.  
TWO s e t s  of f r a c t i o n s  w e r e  prepared and assayed.  
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Genera l ly  t h e s e  m a t e r i a l s  were s i m i l a r  i n  their e x t r a c t i o n  p r o p e r t i e s  t o  
o the r  +coa l  vacuum bottoms w e  have assayed (13 .  14 ,  1 7 ) .  L i t t l e  ma te r i a l  i s  
ex t r ac t ed  by hexane and less than  1% of t h e  t o t a l  mass was a c e t o n i t r i l e  e x t r a c t -  
able .  From 20-36% of the m a t e r i a l  was l e f t  a t  t h e  end of t h e  procedure a s  t h e  
residue f r a c t i o n .  I n  t h e  course of t h e  f r a c t i o n a t i o n ,  t h e  sample ga ins  weight,  
presumably due t o  r e t a i n e d  s o l v e n t  or w a t e r .  U s e  of s o l v e n t s  which had been 
d r i ed  by t h e  a d d i t i o n  of a water  s i e v e  agen t  d i d  no t  reduce this weight gain.  

The f r a c t i o n s  d i f f e r  markedly from one ano the r  i n  t h e i r  mutagenic a c t i v i t y  
(Tables 1-5) .  A s  one would expec t ,  t h e  r e s i d u e  f r a c t i o n  of t h e  e x t r a c t i o n  process  
i s  the l e a s t  mutagenic m a t e r i a l .  The components e x t r a c t e d  by a c e t o n i t r i l e  a r e  
gene ra l ly  h i g h l y  mutagenic (e.9. PDU-9 100,940 TA98 colonies/mg; 73,272 TA97 
colonies/mg).  T h i s  la t ter  f r a c t i o n ,  presumably t h e  most polar components of t h e  
cod-conver s ion  m a t e r i a l s ,  is p r e s e n t  i n  sma l l  amounts. The p ropor t iona te  a c t i v -  
Tty of t h e  whole mix tu re  i s ,  t h e r e f o r e ,  ve ry  small, assuming a d d i t i v i t y .  I f  one 
mul t ip l e s  t h e  c a l c u l a t e d  mutagenici ty  of a f r a c t i o n  i n  colonies/mg by the  pe r  
cen t  of t h e  whole mixture  t h a t  f r a c t i o n  r e p r e s e n t s ,  a de t e rmina t ion  of f r a c t i o n  
s p e c i f i c  a c t i v i t y  can  be made. For example, i n  Table  1 ,  t h e  TA98 mutagenici ty  of 
t h e  r e s idue  f r a c t i o n  was low, 2544 colonies/mg, b u t  t h e s e  components c o n s t i t u t e  
23.84% of t h e  sample.  The s p e c i f i c  a c t i v i t y  of t h e  r e s i d u e ,  or i t s  c o n t r i b u t i o n  
t o  t h e  mu tagen ic i ty  of t h e  whole sample,  was 606 colonies/mq whole sample. The 
highly mutagenic a c e t o n i t r i l e  f r a c t i o n  c o n t r i b u t e d  t o  t h e  same e x t e n t  t o  whole 
sample mutagen ic i ty  (596 colonies/ma whole sample) as it c o n s t i t u t e d  o n l y  0.59% 
of the  PDU-9 sample mass. 

I f  t h e r e  a r e  no i n t e r a c t i v e  e f f e c t s  among f r a c t i o n s  o f  t h e s e  coal-conversion 
ma te r i a l s ,  t h e  sum o f  t h e  s p e c i f i c  a c t i v i t i e s  should e q u a l  t h e  mutagenici ty  
observed f o r  t h e  un f rac t iona ted  m a t e r i a l .  When t h e s e  summations have been 
ca l cu la t ed  f o r  a v a r i e t y  of coal-conversion samples t h e  percentages have been 
found t o  be comparable t o  t h e  whole sample mutagenici ty .  There have a l s o  been 
observed sums of f r a c t i o n a l  a c t i v i t i e s  less than  t h e  whole as we l l  as g r e a t e r  
than t h e  whole ( 1 4 ) .  PDU-9, Lumus Product  and Lumnus Feed f a l l  i n t o  t h e  former 
category. This  non a d d i t i v i t y  o f  f r a c t i o n  mutagenic a c t i v i t i e s  is u n l i k e l y  t o  be 
due to d i l u t i o n  as a r e s u l t  of weight  i n c r e a s e  of t h e  m a t e r i a l  du r ing  t h e  ex t r ac -  
t i o n  p rocess .  I n  no i n s t a n c e  was t h e  weight ga in  more than  20% of t h e  o r i g i n a l  
sample weight (PDU-9). Table  1 i n d i c a t e s  t h a t  t h e  "loss. of PDU-9 mutagenici ty  
wi th  f r a c t i o n a t i o n  w a s  about  50% f o r  t h e  r e v e r s e  mutat ion a s say  (Table  2 ) .  The 
d a t a  f o r  Lummus Feed a r e  similar (Tab les  4 . 5 ) .  whereas d i l u t i o n  cannot be discount-  
e d  as account ing f o r  t h e  ma jo r i ty  of t h e  non-add i t iv i ty  observed wi th  t h e  Lunmus 
Product sample (Tab le  3 ) .  

Another e x p l a n a t i o n  f o r  non-add i t iv i ty  is t h e  loss or a l t e r a t i o n  of mutagenic 
compounds as a consequence of t h e  e x t r a c t i o n  process .  I t  was bel ieved t h a t  t h i s  
mild e x t r a c t i o n ,  which e n t a i l s  no changes i n  pH or temperature  of the  ma te r i a l ,  
would be u n l i k e l y  t o  gene ra t e  oxygenated or o the rwise  modif ied compounds. The 
p ro toco l  was unde r t aken  under yel low l i g h t s  t o  minimize pho to reac t ions  of PAHs 
and o the r  a romat i c  compounds. A t h i r d  p o s s i b i l i t y  i s  t h a t  t h e  f r a c t i o n a l  compon- 
e n t s  a c t  as co-mutaqens. 

To e l u c i d a t e  t h e  mechanism of t h e  observed non-add i t iv i ty ,  "reconstructed 
whole" mixtures  were prepared.  Th i s  was done by recombining t h e  sample f r a c t i o n s  
i n  t h e  same p r o p o r t i o n s  which they  were ex t r ac t ed .  The r econs t ruc t ions  Were 
assayed i n  r e v e r s e  and forward mutat ion a s says  on t h e  same occasions as t h e  
un f rac t iona ted  whole and t h e  i n d i v i d u a l  f r a c t i o n s .  I f  t h e r e  are, i n  f a c t ,  CO- 

mutagenic i n t e r a c t i o n s  among f r a c t i o n s ,  t he  mutagenici ty  of t h e  reconstructed 
mixture should be i n c r e a s e d  r e l a t i v e  t o  t h e  f r a c t i o n  sums. For PDU-9 this proved 
n o t  to be t h e  c a s e  (Tab le  1 ) .  For bo th  s t r a i n s  TA97 and TA98, t h e  r econs t ruc t ion  
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mutagenici ty  was no t  i nc reased ,bu t  w a s  roughly e q u i v a l e n t  t o  t h e  f r a c t i o n  sum. 
This  w a s  also t h e  case  f o r  forward mutat ion a s s a y  o f  t h e  r econs t ruc t ed  sample 
(Table 2 ) .  Data de r ived  from a s s a y  of t h e  s e t  B f r a c t i o n s  co r robora t e  these  
r e s u l t s  ( n o t  shown). The Lumus Product  r econs t ruc t ion  a s say  showed on ly  a very 
l i t t l e  i n c r e a s e  i n  TA97 mutagenici ty .  For both of t h e s e  samples it would appear 
t h a t  non-add i t iv i ty  of o rgan ic  f r a c t i o n  mutaqenici ty  i s  due t o  a r t i f a c t s  of 
e x t r a c t  p repa ra t ion .  

This  does no t  appear  t o  be t h e  case  f o r  t h e  Lunmus Feed ma te r i a l .  Data from 
reve r se  mutation assay of both sets of f r a c t i o n s  (Tab les  4 .5)  i n d i c a t e  an i n c r e a s e  
i n  mutagenesis on t h e  o rde r  of 28% t o  65% r e l a t i v e  t o  t h e  f r a c t i o n  sums. That 
t h e r e  were a l t e r a t i o n s  i n  t h e  f r a c t i o n s  as a r t i f a c t s  of p repa ra t ion  canno t  be 
discounted,  b u t  it i s  a l s o  c l e a r  t h a t  t h e r e  i s  evidence of co-mutagenici ty  among 
f r a c t i o n s  of t he  Lummus Feed sample. I t  should be noted p a r e n t h e t i c a l l y  t h a t  t h e  
d a t a  i n  t h e s e  t a b l e s  a l s o  i l l u s t r a t e  t h e  p o t e n t i a l  f o r  loss or change of b i o l o q i c a l  
a c t i v i t y  t h a t  occu r s  i n  t h e s e  complex mixtures  as a f u n c t i o n  of t i m e .  F r a c t i o n  
sets A 6 B were prepared i n  assayed over  a per iod of s e v e r a l  months. 

ThS premise t h a t  s i n g l e  mixtures  compounds behave independent ly  or a d d i t i v e l y  
when mixed i s  a s u b j e c t  of con t inu inq  d i scuss ion .  The work desc r ibed  h e r e  
i n d i c a t e s  that complex mixtures  of compounds may n o t  have b i o l o g i c a l  a c t i v i t y  
which can be es t ima ted  on t h e  b a s i s  of summation of a c t i v i t i e s  of known components. 
I t  a l s o  p o i n t s  o u t ,  however, t h e  d i f f i c u l t y  of s e p a r a t i n g  mixture  components i n  a 
way which l eaves  them unchanged. 
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T a b l e  1 

COMPARISON OF PDU-9 FRACTION (SET A) AND RECONSTRUCTED MIXTURE 
MUTAGENICITIES: REVERSE MUTATION PLATE INCORPORATION ASSAYS 

SPECIFIC ACTIVITY 
PERCENT COLONIES/mga COLON1 ES /mg 

SAMPLE EXTRACTION TA97 TA9 8 TA9 7 TA98 

Hexane 1.71 16 ,850  

To luene  42.76 9 , 5 1 6  

Methylene C h l o r i d e  31.1 1 29,319 

A c e t o n i t r i l e  0.59 73,272 

Res idue  23.84 1 , 4 0 4  

Whole 

Sum of F r a c t i o n s  

R e c o n s t r u c t i o n  

18,881 288 323 

15.903 4 ,069  6 ,800  

49.017 9 , 1 2 1  15,249 

00,940 432 596 

2,544 335 606 

28,056 49,092 

14.245 23,574 
(50 . E % )  (48 .0%)  

(56.4%) (33.4%) 
15.829 16 ,389  

a C a l c u l a t e d  from l i n e a r  p o r t i o n s  of d o s e  r e s p o n s e  c u r v e s  
b Colon ies /mg  x p e r  c e n t  e x t r a c t i o n  

T a b l e  2 

COWARISON OF PDU-9 FRACTION (SFT A )  AND RECONSTRUCTED - MIXTURE MUTAGENICITIES: FORWARD MUTATION ASSAY - 

PERCENT m 6 7 7  COLONIES/ SPECIFIC ACTIVITY 
SAMF'LE EXTRACTION 10 SURVIVORS/mg COLONIES/l Os SURVIVORS/mg 

Hexane 

To luene  

1.71 

42.76 

Methy lene  C h l o r i d e  31 . l l  

A c e t o n i t r i l e  0.59 

187 

405 

1 ,084  

2 ,514  

3 

1 7 3  

337 

15 

Res idue  23.84 57 1 4  

whole 2,911 

Sum of F r a c t i o n s  

R e  c o n s t r u c t i o n  

542 
(18.6%) 

31 3 
(10.8%) 

a C a l c u l a t e d  from l i n e a r  p o r t i o n  of d o s e  r e s p o n s e  c u r v e s  
b C o l o n i e s / l 0 5  s u r v i v o r s / m g  x per c e n t  e x t r a c t e d  
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T a b l e  3 

COWARISON OF LUHMUS PRODUCT FRACTION (SFT A )  AND RECONSTRUCPH) MIXTURE 
MUTAGENICITIES: REVERSE MUTATION PLATE INCORPORATION ASSAYS 

PERCENT --- COLONIES/mga -- COLONIES/mgb 
TA98 -- TA97 - SAnPLE EXTRACTED TA97 TA90 

--I--- 

Hexane 4.76 31 ,373 6,309 1,493 300 

T o l u e n e  26.39 13,128 11,880 3,463 3,135 

M e t h y l e n e  C h l o r i d e  16.50 28,341 38,141 4,676 6,293 

A c e t o n i t r i l e  1 .26 10,862 23,775 238 300 

R e s i d u e  51.08 2,545 4,596 i ,300 2,394 

Whole 15,730 21,844 

Sum of F r a c t i o n s  11,170 12,422 
(71  .O%) ( 56.9% ) 

R e c o n s t r u c t i o n  12,718 13,482 
(80.9%) (61.7%) 

-- -- -----_I------_ 

a C a l c u l a t e d  f rom l i n e a r  p o r t i o n  of d o s e  r e s p o n s e  c u r v e s  
b C o l o n i e s / m q  x per c e n t  e x t r a c t e d  

T a h l e  4 

COMPARISON OF LUHMUS FEED FRACTION AND RECONSTRUCTED MIXTURE MUTAGENICITIES: 
REVERSE MUTATION PLATE INCORPORATION ASSAYS, STRAIN TA97 

- 
PER CENT TA97 SPECIFIC ACTIV~TY 

SAMPLE EXTRACTED COLONIES/mqb TA97 COLONIES/mgC 
A B A B A R 

2.48 2.1 3 8,862 376 220 8 

T o l u e n e  25.94 17.88 9,603 8,721 2,491 1,559 

Hexane -- 

M e t h y l e n e  
C h l o r i d e  34,28 37.76 15,106 10,200 5,178 3,852 

A c e t o n i t r i l e  1 .06 0.75 22,265 28,732 2 36 21 5 

R e s i d u e  36.24 41 .48 2,540 726 920 30 1 

Whole 17,952 13,411 .. 
Sum o f  F r a c t i o n s  

R e c o n s t r u c t i o n  

9,045 5,935 
(50.4%) (44.2%) 

15,385 12,162 
(85.7%) (90.7%) 

-- 
a R e f e r s  to f r a c t i o n  set  A or B 

C a l c u l a t e d  f rom linear port ions of dose response curves 
c o l o n i e s / m q  x per c e n t  extracter  154 



T a b l e  5 

C O m N S O N  OF LUMMUS FEED FRACTION AND RECONSTRUCTED MIXTURE MUTAGENICITIES: 
REVERSE MUTATION PLATE INCORPORATION ASSAYS, STRAIN TA98 

PER CENT TA98 SPECIFIC ACTIVITY 

A a  B A B A B 
SAMPLE EXTRACTED - COLON I ES /mgb TA98 COLONIES/mgC 

Hexane 2.48 2.13 4,376 458 108 10 

T o l u e n e  25.94 17.88 4,876 3,454 1,265 61 8 

Methy lene  
C h l o r i d e  34.28 37.76 4,436 3,973 1,521 1,500 

Acetonitrile 1.06 0.75 20,630 10,192 90 2 151 

R e s i d u e  36.24 41 .48 2,490 364 

Whole 11,127 5,002 

Sum of F r a c t i o n s  

R e c o n s t r u c t i o n  

4,015 2,355 
(36.1%) (47 .la) 

7,183 5,643 
(64.6%) ( 1 1  2.8% ) 

- 
a R e f e r s  t o  f r ac t ion  set A and B 
b C a l c u l a t e d  from l inea r  p o r t i o n  o f  d o s e  response curves 
C Colonies /mg x per c e n t  extracted 
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